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RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

1. Introduction

The RAOO86A is an 80 channels LCD driver LSI which is fabricated by low power CMOS high voltage
process technology. It can be used either as a COMMON driver or as a SEGMENT driver, by connecting
its CS input to VDD or VSS. In segment driver mode, it can be interfaced in 1-bit serial or 4-bit parallel
method by the controller. In common driver mode, dual type mode is applicable. And in segment mode
application, the power down function reduces power consumption.

2. Features

¢ Power supply voltage: + 5V+10 %, + 3Vt
10%

€ Supply voltage for display: 6 to 30V (Voo-
VEE)

€ In 80-SEGMENT driver or 80-COMMON
driver selection, to set CS-pin voltage is
VSS or VDD

€ 4-bit parallel / 1-bit serial data processing
(in segment mode)

€ Single mode / dual mode operation (in

L X R 2

Interface

Power down function (in segment mode)
Applicable LCD duty: 1/64 — 1/256

DRIVERS

COM(Cascade)

SEG(Cascade)

RAO086A

RAO086A

L R 2

common mode)

3. Pin Configuration

3-1 Internal Block Diagram

High voltage CMOS process
Available package Type: LQFP-100 pin, Die

SC1 SC2 SC3

SC78 SC79 SC80

VO

Vi2

V43

V5

80-bit 4-level Driver

SCK

VEE
80-bit Driver
M Output D1-SID
DISPOFFB Level
Selector T e T
D2-DL
LCK 80—bi_tD_ata L_atch/(;ommo_n Data D3-DM
Bi-direction Shift Register
[ ]p4-DR

[ ———— 1

20 x 4-bit Segment Data
Bi-direction Shift Register

¥

cui[ ]
cL2 Clock

Data Latch Control

Control

Power

Down

Function

T

{ JErB
VDD
Vss

LT
ELB

Figure 3-1: Internal Block Diagram
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3-2 Pin Assignment

RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

[ DISPOFFB

1 vbD
 — V]

=3 cs
— vo
/ vi2

1 v3s
1 vs

= vee
3 ERB
[ scso
3 scro
1 scrs

SC3

SC4

SC5

SC6

SC7

SC8

SC9
SC10
SC11
SC12
SC13
SC14
SC15
SC16
SC17
SC18
SC19
SC20
sc21
SC22
SC23
SC24
SC25
SC26
SC27

0000000000000000D000000a0

. TM
RAIO

45

40

RAOO86AL3N

10XX-N
MXTS01

Date code (Year 2010)

35

30

Figure 3-2 : LQFP-100 Pin Assignment

3-3 System Block Diagram

N = sc77

[—1SC76
[ SC75
[ sc74
[—1sc73
=31 sc72
[Jscr1
[1sc7o
1 sce9
[ sces
[ sce7
[ sce6
[1sces
[ sce4
[ sce3
3 sce62
[ sce1
[ sce0
[ scs9
[ scss
= scs57
[ scs6
[ scss
[scs4
[scs3

STN Controller

RA8822
RA8803
RAB8806
RA8835
RA6963

RAOO086A

=

RAOO86A

1)

STN LCD Panel

Figure 3-3 : System Block Diagram
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Signal Description

4-1 Block Description

RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

Name Function COM / SEG
Generates latch clock (LCK), shift clock (SCK) and control clock timing
according to the input of CL1, CL2 and control inputs (CS, AMS). In
Clock control common driver application mode, this block generates the shift clock COM/SEG
(LCK) for the common data Bi-directional shift register.
Determines the direction of segment data shift, and input data of each
Data latch Bi-directional shift register. In 4-bit segment data parallel transfer mode,
control data is shifted by a 4-bit unit. In common driver application mode, data is SEG
transferred to the common data shift register directly, which disables this
block.
Controls the clock enable state of the current driver according to the
input value of enable pin (ELB or ERB). If enable input value is “Low”,
Power down | every clock of the current driver is enabled and the clock control block SEG
function works. But if enable input is “High”, current driver is disabled and the
input data value has no effect on the output level. So power
consumption can be lowered.
Output level | Controls the output voltage level according to the input control pin (M| com/SEG
selector and DISPOFFB) (refer to Section 4-2).
20x4-bit Stores output data value by shifting the input values. In 1-bit serial
segment data| interface mode application, all 80 shift clocks (SCK) are needed to store
Bl-directional | all the display data. But in 4-bit parallel transfer mode application, only SEG
shift reqister 20 clocks are needed. In common driver application mode, this block
9 does not work.
80-bit data | In segment driver application mode, the data from the 20x4-bit segment
latch / data shift register are latched for segment driver output. In single-type
common data| common driver application,1-bit input data (from DL or DR pin) is shifted | com / SEG
Bl-directional | @nd latched by the direction according to the SHL signal input. In dual-
: . type common application mode, 80-bit registers are divided by two
shift register : ;
blocks and controlled independently (refer to Section 4-2-3).
80-bit level | Voltage level shifter block for high voltage part. The inputs of this block
hift are of logical voltage level and the outputs of this block are at high SEG
shirter voltage level value. These values are input in to the driver.
Selects the output voltage level according to M and latched data value. If
] the data value is "High" the driver output is at selected voltage level (VO
80-bit 4-level | or v5), and in the reverse case the driver output value is at the non- SEG
driver selected level (V12 or V43). In segment driver application mode, non-

selected output value is V2 or V3. and when in common driver
application, this value becomes V1 or V4.

6/34
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4-2 Pin Description

RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

Pin /0 Name Description Function Interface
VDD Logical "High" input port (+5V + 10%, +3V + 10%)
VSS p Eﬁp‘)’:ﬁ; 0V (GND) Power
VEE Logical "Low" for high voltage part
LCD driver | Bias supply voltage input to drive the LCD. Bias voltage
VO, V12, I output | divided by the resistance is usually used as a supply Power
V43, V5 voltage | yoltage source (refer to Section 4-2-2).
level
Display data output pin which corresponds to the
sc1 - LCD driver | respective latch contents. One of VO, V12, V34 and V5 is
sSC80 (0] output selected as a display driving voltage source according to LCD
P the combination of the latched data level and M signal
(refer to Section 4-2-1).
Clock pulse input for the bi-directional shift register.
— In segment driver application mode, the data is shifted to
20 x 4-bit segment data shift.
Data shift | The clock pulse, which was input when the enable bit
CL2 I (ELB/ERB) is in not active condition, is invalid. Controller
clock — In common driver application mode, the data is shifted to
80-bit common data bi-directional shift register by the CL1
clock.Hence, this clock pin is not used (Open or connect
this pin to VDD).
AC signal
M | for _LCD Alternate signa_ll inpu_t pin _for LCD drivir)g. o Controller
driver Normal frame inversion signal is input in to this pin.
output
— In segment driver application mode, this signal is used
for latching the shift register contents at the falling edge of
L1 | Data latch |this clock pulse. CL1 pulse "High" level initializes power- | conroller
clock down function block.
— In common driver application mode, CL1 is used as a
shifting clock of common output data.
Control input pin to fix the driver output (SC1~SC80) to VO
Display OFF| level,during "Low" value input. LCD becomes non-
’ Controll
DISPOFFB| | control | selected by VO level output from every output of segment ontroter
drivers and every output of common drivers.
coM / SEG | When CS = "Low", RAOO86A is used as an 80-bit segment
driver. VDD/ VSS
cS I mode When CS = "High", RAOO86A is set to an 80-bit common
control dri
river
According to the input value of the AMS and the CS pin,
application mode of RAOO86AA is differs as shown below.
_— COM
— CS | AMS Application mode ISEG
pplication hi . VDD/ VSS
AMS | mode select 0 0 4-bit parallel interface mode. SEG
0 1 1-bit serial interface mode.
1 0 Single type application mode
gle typ IOI.O . COM
1 1 Dual type application mode

Fitta % RAIO TECHNOLOGY INC.
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- In segment driver application mode, these pins are used
as 4-bit data input pin (when 4-bit parallel interface
mode : AMS = "Low"), or D1_SID is used as serial data

Display data input pin and ot.her ping are not used (connect these to
input / VDD) (when 1-bit serial interface mode : AMS = "High").
D1_SID, Serial input . . : .
D2_DL, — In common driver application mode, the data is shifted
— I/O data / N Controller
D3 DM, from D2_DL(D4_DR) to D4 _DR(D2_DL), when in single
D4 DR. leftright | type interface mode (AMS = "Low"). In dual type
data input | application case, the data are shifted from D2_DL and
output D3_DM (D4_DR and D3_DM) to D4_DR(D2_DL). In each
case the direction of the data shift and the connection of
data pins are determined by SHL input (refer to Section 4-
2-3 ~ 4-2-4).
Shift When SHL = "Low", data is shifted from left to right.
SHL direction | When SHL = "High", the direction is reversed. (refer to VDD/ VSS
control Section 4-2-3)
— In segment driver application mode, the internal
operation is enabled only when enable input (ELB or
ERB) is “Low” (power down function). When several
drivers are serially connected, the enable state of each
driver is shifted according to the SHL input. Connect
these pins as below.
ELB,ERB | 1/O Enable data Segment Driver
input/output SHL EB ERB
L Output Input
H Input Output
- In common driver application mode, power down function
is not used. Open these pins.
4-2-1 Output Voltage Level Control
Table 4-1
Output level (SC1 - SC80)
M Latched Data | DISPOFFB
SEG Mode COM Mode
L L H V12 (V2) V12 (V1)
L H H VO V5
H L H V43 (V3) V43 (V4)
H H H V5 VO
X X L VO VO
It FLEE RAIO TECHNOLOGY INC. 8/34 www.raio.com.tw
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4-2-2 LCD Driving Voltage Application Circuit

(1) Segment driver application (CS =“Low")

VDD
VDD
C T w 4
— 3 vo
R % V1 To COM SEG1-
’_| I Driver SEGS80 TolLCD
Panel
| R V2
>—|, 1 V12
RAO086A
(n-4) R % V3 -
+— 8 va3 VO,V5 | Selection Level
| R % \VZi To COM V2,V3 | Non-selection Level
l Driver
R % V5 *n =9 (when 1/64 duty) to
— | é 9vs vss 17(when 1/256 duty)
2 i
Figure 4-1
(2) Common driver application (CS = “High”)
VDD
VDD
C T I
— Vo i VO VDD
R % V1 SEG1-
— | 1 V12 To LCD
SEG80 Panel
| R V2
—| RA0086A
To SEG -
Y (-4 R V3 Driver VO,V5 | Selection Level
I V1,V4 | Non-selection Level
| R V4
—| T va3
R % V5 *n = 9 (when 1/64 duty) to
— | é L|] V5 VSS 17(when 1/256 duty)
Figure 4-2
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4-2-3 Data Shift Direction according to Control Signals

(1) When CS =“Low” (Segment driver application)

Fitta % RAIO TECHNOLOGY INC.

AMs | sHL | Application Data Direction Input
Mode Pin
S S S S S S s s
S § s S c cccceccc
ccccCc —— 7 7 7T 7 7 7T 7 8
1 2 3 4 3 4 5 6 7 8 9 0
L D(D|D| D D|pD(D|D|D|D|[D|D
11234 1(2|3]4]1|2|3]4
ol Shift Directi
D2 ift Direction .
D3 Last data First data o1 D
4-Bit Parallel D4 _SID,
D2 DL,
L Data Transfer —
S S S S S S S S D3_DM,
Mode (SEG) -
S S S s c cccccececoc D4 _DR
cc¢ccc — 7 7 7 7T 7T 7 7 8
1 2 3 4 3 4 5 6 7 8 9 0
H D|D|D| D D|D|D|D|[D|D|D|D
4(32]1 413(2]1]43|2]1
Shift Directi o
. ift Direction D2
First data D3 Last data
D4
S|S|S]|S S|S|S|S|S|S|S]|S
cl ¢ clclc|lclc|c|c|c
7171717 7(7]|7]|8
112]13] 4
L 3|14|5|6|7(819]0
. . I Shift Direction . I
1-Bit Serial Last data ( Dl_S|D) First data
H Data Transfer D1 _SID
Mode (SEG) s|s|s|s s|s|s|s|s|s|s|s
clclc clclc|lc|c|c|c]|c
77171717778
1(23]4
H 34|56 7]8|9f0
Shift Direction Last data‘[
First data
10/34 www.raio.com.tw
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(2) When CS =*“High” (Common driver application)

AMS | SHL ApR/Ill(;:da:on Data Direction Ir;fi’rt:t
Shift Direction
S|S|S S|S[S|S|sS|s S|S|S
clclc cicfcjc|c|c c|Cc|cC
11213 313|444 4 71718
L glolo|1]2]s3 glofo D2_DL
Input Data Output Data
Single-type (D2_DL) (D4_DR)
L Application ——
Mode (COM) Shift Direction
S|S|S S| S[S|S|S|s S|S|S
clclc cicfcjc|c|c c|C|cC
11213 313|444 4 71718
H glolo|1]2]s3 glofo D4_DR
Output Data Input Data
(D2_DL) (D4_DR)
Shift Direction
S|[S]|S S|S|S|S|S|S S[S]|S
clclc c|cjcjcfc|c c(c|C
414|414 77
L 11213 313 8 D2_DL
8(9]10|11]2(3 8910 D3_DM
Input Data 1 Input Data 2 Output Data
Dual-type (D2_DL) (D3_DM) (D4_DR)
H Application
Mode (COM) Shift Direction
S|S|S S|S|S|S|S|S S[S]|S
clc c|cjcjcfc|c c(C|C
3134141414 7178 D4 DR
11213 _
H 8(9]10|11]2(3 8910 D3_DM
Output Data Input Data 2 Input Data 1
(D2_DL) (D3_DM) (D4 DR)
Fial#iF RAIO TECHNOLOGY INC. 11/34 www.raio.com.tw
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4-2-4 Usage of Data Pins

Table 4-2
COM /SEG Application Mode SHL Data Interface Pin
(CS pin) (AMS pin) D1_SID D2_DL D3_DM D4_DR
4-bit parallel interface . : . :
SEG mode (AMS = Low) X D1 (input) D2 (input2) D3 (input3) D4 (input4)
(CS =Low) 1-bit serial interface .
mode (AMS = High) X SID (input) Connect to VDD
i - icati L DL (input DR (output
single-type apgllcatlon Open (input) Open ( .U put)
COM mode (AMS = Low) H DL (output) DR (input)
(CS :ngh) dua|_type app“caﬂon L Open DL (Inputl) DM (lnpUtZ) DR (OUtpUtZ)
mode (AMS =High) H DL (output2) | DM (input2) | DR (inputl)
5. Electrical Characteristics
5-1 Maximum Absolute Limit
Table 5-1
Characteristic Symbol Value Unit
Power supply voltage VDD -0.3-+7.0
Driver supply voltage VLCD 0-+32 \Y
Input voltage VIN -0.3 - Vpp+0.3
Operation temperature TOPR -30 - +90 oc
Storage temperature TSTG -55 - +150

NOTE : Voltage greater than above may damage to the circuit.

Fitta % RAIO TECHNOLOGY INC.
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5-2 DC Characteristics

(1) Segment Driver Application
(Vss= 0V, Ta = - 30 — +85°C)

Characteristic Symbol Test Condition Min Typ | Max Unit
Vbb 2.7 55
Operating voltagel
Vicp Vin= Vobp - VEE 6 - 30
\
ViH - 0.8Vop - Vob
Input voltage (1)
Vic - 0 - 10.2Vop
VoH lon=-0.4mA Vop-0.4 - -
Output voltage (2) \%
VoL lo.=0.4mA - - 0.4
Input leakage liLa ViN= Vop to Vss -10 - 10
current 1 (1) uA
Input leakage liLz ViNn= Vob to VEE -25 - 25
current 2 (3)
On resistance(4) Ron lon = 100uA - 2 4 kQ
IsTBY fcli=32kHz M =Vss | Vsspin - - 100 MA
Vobp = 5V - - 5
Supply current (5) Ioo foL1 = 32kHz mA
fu= 80Hz Veo=3V | - - 2
lee Vob = 5V - - 500 MA

NOTES:

(1) Appliedto CL1, CL2, ELB, ERB, D1_SID - D4_DR, SHL, DISPOFFB, M, CS, AMS pin
(2) ELB, ERB pin
(3) VO, V12,V43, V5 pin
(4) VLCD =VDD - VEE, VO =VDD =5V, V5= VEE = -23 V
V12 = VDD-2/n(VLCD), V43 = VEE+2/n(VLCD), n = 17 (1/256 duty, 1/17 bias)
(5) VO=VDD, V12 =1.71V(vDD = 5V) or -0.06V (VDD = 3V),
V43 =-19.71 V(VDD = 5V) or -19.94V (VDD = 3V),
V5 = VEE = -23V, no-load condition (1/256 duty, 1/17 bias)
4-bit parallel interface mode
ISTBY :VDD =5V, fCL2 = 5.12MHz, SHL = VSS,
DISPOFFB = VDD,
M = VSS, display data pattern = 0000
IDD : VDD = 3V, fCL2 = 4MHz, display data pattern = 0101
VDD =5V, fCL2 = 5.12MHz, display data pattern = 0101
IEE : VDD =5V, fCL2 = 5.12MHz, display data pattern = 0101, VEE pin

BELRLAE RAIO TECHNOLOGY INC. 13/34 WWW.raio.com.tw



RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

RAIO

Version 1.2

(2) Common Driver Application
(Vss=0V, Ta =- 30 — +85°C)

Characteristic Symbol Test Condition Min Typ Max Unit
) Voo 2.7 - 55
Operating voltage
Vicp Vin= Vbp - VEE 6 - 30
\%
ViH - 0.8Vop - Vbb
Input voltage (1)
Vi - 0 - 0.2Vop
VoH loH=-0.4mA Vop-0.4 - -
Output voltage (3) \%
VoL lo.=0.4mA - - 0.4
Input leakage liLa Vin=Vbpto Vss -10 - 10
current 1 (1)
Input leakage _ _ i i i
current 2 (2) liL2 Vin= 0V, Voo = 5V (PULL UP) 50 125 250 MA
Input leakage _ i )
current 3 (4) liLs Vin= Vbp to VEE 25 25
On resistance(5) Ron lon = 100pA - 2 4 kQ
IsTBY fcl1= 32kHz M = Vss| Vsspin - - 100
Vop = 5V - - 200
Supply current (6) Ioo foL1 = 32KHZ HA
fv = 80Hz Vob = 3V - - 120
lee Vob = 5V - - 150
NOTES:
(1) Applied to CL1, D2_DL (SHL = LOW), D4_DR (SHL = HIGH), SHL, DISPOFFB, M, CS, AMS
pin
(2) Pull-up input pins : CL2, D1_SID, D3_DM (AMS = HIGH), ELB (SHL = LOW), ERB (SHL =
HIGH)

(3) D2_DL (SHL = HIGH) , D4_DR (SHL = LOW) pin
(4) VO, V12,V43, V5 pin
(5) VLCD =VDD-VEE, V0 =VDD =5V, V5 = VEE = -23V
V12 = VDD-1/n(VLCD), V43 = VEE+1/n(VLCD), n = 17(1/256 duty, 1/17 bias)
(6) VO=VDD, V12 =3.35V (VDD = 5V) or 1.47V (VDD = 3V),
V43 =-21.35V (VDD =5 V) or -21.47V (VDD = 3 V),
V5 = VEE =-23 V, no-load condition (1/256 duty, 1/17 bias)
single-type mode operation : AMS = VSS, SHL = VSS, DISPOFFB = VDD
D1_SID =D3_DM = VDD, D4_DR = OPEN, ELB = ERB = OPEN,
ISTBY : VDD =5V, M =VSS, D2_DL = VSS
IDD : fM = 80Hz, D2_DL = VDD
VDD = 3V, display data pattern = 10000000..., 01000000..., 00100000..., 00010000..., ..
VDD =5V, display data pattern = 10000000..., 01000000..., 00100000..., 00010000..., ..
IEE : fM = 80Hz, D2_DL = VDD
VDD = 5V, current through VEE Pin, display data pattern = 10000000..., 01000000...,
00100000..., 00010000...

BELRLAE RAIO TECHNOLOGY INC. 14/34 WWW.raio.com.tw
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5-3 AC Characteristics

(1) Segment Driver Application
(Vss= 0V, Ta = - 30 — +85°C)

Test (1) Voo =5V +10% (2) Voo = 3V +10%
Characteristic Symbol diti Unit
Condition | win | Typ | Max | Min | Typ | Max
Clock cycle time tey Duty =50% | 125 - - 250 - -
Clock pulse width twek - 45 - - 95 - -
Clock rise / fall time tritr - - - - - - 30
Data set-up time tos - 30 - - 65 - -
Data hold time toH - 30 - - 65 - -
Clock set-up time tcs - 80 - - 120 - - ns
Clock hold time teH - 80 - - 120 - -
) ) ELB Output 60 125
Propagation delay time tPHL - - - -
ERB Output 60 125
. ELB Input 30 65
ELB,ERB set-up time trsu ERB Input 30 - - 65 - -
DISPOFFB low pulse
width twbL - 1.2 - - 1.2 - - VS
DISPOFFB clear time tep - 100 - - 100 - - ns
M - OUT prc_)pagatlon trD1 ) ) 1.0 ) ) 12
delay time
CL1-0uUT
propagation delay time tPo2 Cu=15pF - - 1.0 - - 1.2 us
DISPOFFB - OUT 10
propagation delay time tros - i : i - i
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(2)Common Driver Application
(Vss=0V, Ta =- 30 — +85°C)

Test (1) Voo =5V +10% (2) Voo = 3V £10%
Characteristic Symbol diti - _ Unit
Condition | \in | Typ | Max | Min | Typ | Max
Clock cycle time tey Duty =50% | 250 - - 500 - -
Clock pulse width twek - 45 - - 95 - -
Clock rise / fall time tr/tr - - - 50 - - 50 ns
Data set-up time tos - 30 - - 65 - -
Data hold time toH - 30 - - 65 - -
DISPOFFB low pulse
width twoL - 1.2 - - 1.2 - - us
DISPOFFB clear time tco - 100 - - 100 - - ns
Output delay time toL 200 250
M= OUT propagation | ., . - 10| - - | 12
delay time
CL1-0uUT CL=15pF
propagation delay trD2 - - 1.0 - - 1.2 ps
time
DISPOFFB — OUT
propagation delay trD3 - - 1.0 - - 1.2
time
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(3) Segment Driver Application Timing

0.8 VDD \ 0.8VDD
cL1 02vDD 4, twex N\ 0.2 vDD
|«

tCS

0.8 VDD |,
ClL2 —0.2VDD /|

RNCK

< % 0.8 VDD
\ 0.2 VDD

11
J

ek N

A

—
Pyl
—

A4

Jos | ton .

D1_SID I |
— 0.8 VDD

-D4_DR X 0.2voD X

“NDL

DISPOFFB

v
N A

CL1

3 19 201 osvoD

CL2 ozvoox__ /]
AtPHL‘
ELB, ERB — \
(Output 1)

0.2 VDD %
ELB, ERB

0.2 VDD )
(Intput 2) X
0.8 VDD

tpsu

Y

M

<

N
0.2 VDD

t
CL1 0.2 VDD\F —

0.8 VDD

tPDl

\

DISPOFFB

£x
0.2 VDD t
P PD3

\4

SC1-SC80
(Latched Data)

Figure 5-1
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(4) Common Driver Application Timing

< tCY ;[
0.8 VDD| ¥ 3 \ 0.8 VDD
CL1 02VDD A towekn » N_ 0.2 vDD
™ e —> te
B tos P ton -
¢1)DI X08VvoD 02vop X
t
< DL » 0. VDD
(*1)DO
0.2 VDD
I t > fep >
DISPOFFB XF WOL ?L
(*1) When in single-type interface mode
DI=>D2_DL (SHL=L) , D4 DR (SHL=H)
DO=>D4 DR (SHL=L), D2_DL (SHL=H)
When in dual-type interface mode
DI=>D2_DL and D3_DM (SHL=L) , D4 DR and D3_DM (SHL=H)
DO=>D4_DR (SHL=L), D2_DL (SHL=H)
0.8 VDD
M X
0.2 VDD top1
) tPD2
CL1 0.2 VDD -F
,0.8 VDD
DISPOFFB .8
0.2 VDD tops
SC1-SC80 _
(Latched Data)
Figure 5-2
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5-4 Power Down Function

In the case of cascade connection of segment mode drivers, RAO086A has a "power down function"
in order to reduce the power consumption.

SHL Enable Enable Current Driver Status The Other Drivers

Input Output Status

L ERB eLg | While ERB =Low, current Disabled
driver is enabled.

While ELB =Low, current driver

is enabled.
* In the case of common driver application, power down function does not work.

H ELB ERB Disabled

CL1 —l —l

n-1n 1 2 n-1n 1 2 n-1n 1 2 -ln] 1 2 n-

e TUUUTANS AR AT

ELB1 (Inputl) 2 R 2 2 T —
] 2 —
ERB1/ELB2
(Output 1/Input 2) b R — —
R — R
ERB2/ELB3
(Output 2/Input 3) 2 2 —
R R R ] R
ERB3/ELB4
(Output 3/Input 4) 2 —
R R R R ——

ELB4 (Output 4)

— Note: —
1.SHL=High (ELB=Input, ERB=Output)
Current RAO086A’s ERB must be connected to the next RAOO86A’s ELB
2.When in 4-bit parallel interface mode : n=20
When in 1-bit serial interface mode : n=80

Figure 5-3
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5-5 Operation Timing Diagram

5-5-1 4-bit Parallel Mode Interface Segment Driver

€ When SHL = Low

19 20

CL2 l 1

Jur T

19 20

1 2

D1_SID :>< scs >< sc1

SC77 ><SC73 ><SC69

>< SC5 >< SC1

SC77>< SC73><

SC78 ><SC74 ><SC70

>< SC6 >< SC2

SC78>< SC74><

D3_DM :>< SC7 >< SC3

SC79 ><SC?5 ><SC71

>< SC7 >< SC3

SC79>< SC?5><

D4_DR >< SC8 >< SC4

SC80 ><SC76 ><SC72

>< SC8 >< SC4

SC80>< SC76><

ERB (Input)

ELB (Output)

CL1

SC1-SC80

€ When SHL = High

Figure 5-4

19 20

19 20

D1_SID X SC76><SC80

SC4 ><SC8 ><SC12

>< SC76>< SC80

SC4 >< SC8 ><

D2_DL X SC75><SC79

SC3 ><SC7 ><SCll

>< SC75>< SC79

SC3 >< SC7 ><

D3_DM X SC74><SC78

SC2 ><SC6 ><SC10

>< SC74>< SC78

SC2 >< SC6 ><

D4_DR }<SC73 >< SC77

SC1 >< SC5 >< SC9

>< SC73>< SC77

SC1 >< SC5 ><

ELB (Input) —\

ERB (Output)

CL1

SC1-SC80

Figure 5-5
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5-5-2 1-bit Serial Mode Interface Segment Driver

€ When SHL = Low

79 80 1 2 3 79 80 1 2

ce | LI UT LT LT LU L
D1_SID _>< SC2 >< SC1 SC80 ><SC79 ><SC78 >< SC2 >< SC1 SC80>< SC79><

ERB (Input)

ELB (Output) |

CL1 r—l

SC1-SC80

Figure 5-6

€ When SHL = High

79 80 1 2 3 79 80 1 2

ce | LU LT LT LU L
D1_SID :><SC79><SC80 SC1 >< SC2 >< SC3 >< SC79>< SC80 SC1 >< SC2 ><

ELB (Input) —|

ERB (Output) |

CL1 I_—l

SC1-SC80

Figure 5-7
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5-5-3 Single-type Interface Mode Common Driver

€ When SHL = Low

_|H
—
—

CL1 I_l

D2_DL

|11

D4 DR

COM_DATA1

COM_DATA2

COM_DATA3

COM_DATAT79

COM_DATAS0

<+—— Common area of current driver ——»

Figure 5-8

€ When SHL = High

79 80 1 2 79 80 1 2

e LI | ]
D4 DR
D2_DL
COM_DATA1
COM_DATA2

COM_DATA3

COM_DATAT79

COM_DATAS80

<+—— Common area of current driver ——»

Figure 5-9
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€ When SHL = Low

RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

5-5-4 Dual-type Interface Mode Common Driver

cL1
D2 DL

D3_DM

D4 DR
COM_DATA1
COM_DATA2
COM_DATA3
COM_DATA39
COM_DATA40
COM_DATAA41
COM_DATA42
COM_DATA43

COM_DATA79

COM_DATA80

2 3

39

N S S

40

S —

40

Ll L

=

€ When SHL = High

Figure 5-10

CL1 —ﬂ

D2_DL

D3_DM _ I

D4 DR
COM_DATA1
COM_DATA2
COM_DATA3

COM_DATA39

COM_DATA40

COM_DATA41

COM_DATA42

COM_DATA43

1

40

S —

40

COM_DATA79

COM_DATA80
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5-5-5 Common / Segment Driver Timming (1/200 Duty)

1989 200 1 200 1 199 200 1 199 200
e vy v v e v [ W ¥ ¥ ¥
Latched WV '\ v_ """"" _‘\‘—\JJ__\(’_— —_'V-'— I T
Data (SEG) i i A R VR |\ S N __;C_ PR VI . VI
M ! ! !
COM_DATA1 ' !
COM_DATA199 . g |
COM_DATAZO0 i

COM1
v
e
i
i
COM198
'.J.'4 ..............................................................................
s i e S e TG £ PP e Lt £ e v e P i s o £l e FU P! MM PreoS e
CoM200

sec paTAl ] ] ] ]

o104 X A X X A X X
Latched Dats I X
I
Enabeout [

Figure 5-12
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6. Application Information

RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

6-1 4-bit Parallel Interface Mode (80-Ch. Segment Driver)

(1) Lower View (SHL =L, AMS=1L)

/
'\
1
LCD PANEL i\
| ]
S e s80 581 ------- 5160 ,‘ ‘ Sno-oo-e-- Sn+80
|1
I‘ I I‘ I III III I I‘
SCBO ------ sC1 SC80 ------ sC1 SC80 - - - SC1
——| ERrB ELE[J—m®[] ERB e ¢ e ELs[]
re
+— cs —flcs —— [ cs
] Ams | S Y [ AMS
+— L 5HLpy_sippapr | T4 SHL pi_sip-D4_DR +—1 SHL py_sip.04_DH
eed s #
? ? :
4-bit serial > ?
data input 2 hd e ] 4

Figure 6-1

(2) Upper View (SHL =H, AMS =)

4-bit seria

data input

Di_SID-04_DR
- - SHL

O

D1_SID-D4 DR _

4

D1_5i0-04_OR
= s g

AME AN AN
cs c %% cs ﬂ
,J,_E ELB ERE [J———®[] ELB ERB [——G —»0 g ERB O

sCt SCAD SC1 5C30 ’ 5C 5C30

1 ceeeee 580 S81 - o-ee- 5180 ,":,-” Sn - Snsa0
|
LCD PANEL ||
'\
|
/f

Figure 6-2
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6-2 1-bit Serial Interface Mode (80-Ch. Segment Driver)

(1) Lower View (SHL =L, AMS = H)

|'II "l.
.."II."'I
U
1 1
LCD PANEL !
i II
S1 --eee-- 8D Y I 5160 ,‘ | SN eeeees Sn+80
I I I III I I
I
SCBD - ----- 5C1 SCB0 -----. SCi Vi SCE0 ------ 5C1
— []ERE ELE [ @[] ERE ELB [ i\ » | ERB ELB[
M
+—cs r[ cs r[ cs
27 0 o]
L[] aMs ?_[ AMS T aMs
R D2_DL- - 02_0L- - D2_DL-
ﬂL_[ SHL by sip D4 DR Dgﬂrt SHLpg gp D4DR ]9 ,;L_E SHL by siD D4_DRDS)
O
1-hit serial # * ( +
data input W
Figure 6-3

(2) Upper View (SHL = H, AMS = H)

1-bit zerial i . qf’

data input e
o o ¢ y C
5 D1_SD L[ IED G
L o2oe - SH DZOL — SHL D2pl- ~ SHL
D4_DR AMS D4 DR AN D4 DR AME

cs ]—ﬂL CS]_ﬂL ES]—J’
ol

e ERE -7 p ELE ers -7 O gy ERE
sCt 5C30 sCt SCa0 sct 5C80
i e e N e
YRR 580 S8l e 5160 7. 5480

LCD PANEL ||

Figure 6-4
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6-3 Single-type Interface Mode (80-Ch. Common Driver)

input data 1)—;

D4_DR
- SCE[—w o1
.l_E cE é
S FPTY :
/Jj—E FHL  p2 oL st [ 'CTEI:I
D4R ccan — 81
; LCD PANEL
+—1] cs :
—T 25 . +
J;—E SHL  pz o sct [ 1680
= | 181
= : !
—[]cs : 5
17 &S : .*
I—E SHL  pz oL sc1 e C2d0
|
Figure 6-5
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6-4 Dual-type Interface Mode (40-Ch. + 40-Ch. Common Driver)

RAOO86A

80CH Common / Segment Driver For DOT Matrix LCD

input data 1 ﬁ

D4_DR

SCE0 —m o1
—dcs ARk
S Y ¥ ; ' ;
«I_E S pzpL  sc1[3—m cap
D4 OR
sceo 1w cai LCD PANEL
Q ! ! {1/2)
+—] es : ! :
] ans : : v
J:—E SHL O paol sor O c1m0
input data 2 Z——1= 03 _CH GALER SC80 [—ym C1a1
1.._[ ce 5’::—10 [1—m{ C200
o~ =,
| R— T 5"?” > cim
— O SHL  pr ol osc —m o240
Dé_DR i
- SCEO [—m| Co#
o 5
— T : : v LCD PANEL
I—C SHL  pr oL SC1 [J—ms C320 (2/2)
D4_DR l
- 5C80 —m cazq
e AR NE
L ams : : E
- vl
_,Jj O 5% oeor so10—w camo
LI
Figure 6-6

NOTE: Using this application mode (dual-type common mode), the duty ratio can be reduced to half.

In case, 1/200 duty can be used to drive the 400 common LCD panel.
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6-5 Application Circuit Example

VoD
nyE % . {4 . % .
L
Rogwv com Il | 0 il | |
>—| |—<;/ VO-V5 D1_SID-D4_DR VO0-V5 D1_SID-D4_DR VO-V5 D1_SID-D4_DR
3 7] N ] 1o
ugi . ugi

pls L

L

Pl

[XN T

<
)

v2 SEG \1: DISPOFF cL1 DISPOFF cu DISPOFF cL1
\E M cL2 M cL2 M cL2
RS V3 .

ELB ers [F—>[] e ers [F—>] ELB ere 1
v4 com avs RAOO86A avs RAOO86A avs RAOO86A

vs com cs cs cs

/SEe SHL SHL SHL

sc1 scso sc1 sc8o sc1 scso

| — | ] Iml 1

VEE |L SEG1-SEG80 [ SEG1-SEG80 SEG1-SEG80

M D4 DR st 80 ss1 S160 S161 S240
DISPOFF sca) c1
cs coMm1-
avs RAOO86A CcoM8o, l
SHL sc1 c8o
Vove cl;ll D2 DL
:

s RAO0BSA | E3lig l 240 X 240 LCD MODULE
RAIO J SHL sc1 €160

T

D2_DL
STN ‘ o .;
Controller
M D4_DR
DISPOFF sc80) c161
DISPOFFB [ cs COM1-
FRAME(M) jj avs RAOO86A COMBo
COM_DATA [1—
D104 1 SHL sc1 C240
m
cL1 4 VOVS g D2_DL
cL2 =

Figure 6-7 : Application Circuit

15
All4 0 ’le P{AL14 0]
DL7 0 + DeL7 01
HRW pl/VE
/MCE /CE
MCU 66256
RA6963
Al-A7 ?I CDATA
o Decoder |—-/CE FR »M D2_DL
=g 240%64 LCD
1
A0 sk RA00B6A [
8 g ISPOFFB
DO-D7 (<& $5D0-5D7
RD B/RD HsCP
VR pLwR DSPON {\?T—S'ﬂ'ﬁ ﬁssl-s1su 161~524
RES P /RST
X1 xe ED[ d_IELB ER8| B ERE
+DISPOFFB »{DISPOFFB
RADDS6A RADOB6A
W p |
POFF —{CL1 oLt
iy L2 HCL2
v2 01— D1-
Power £y 3
supply v3
converter V4
— V5
vee [(—F

Figure 6-8 : RA6963 with RAO086A Application Circuit
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15
ALL4 0 ,; 1401
MCU o I hel _ RA0B6A ">
/CE f——dsmCE ‘m
66296
Al 0
7 wE 1
Al-AT
_% Decoder [—PH/CS EmﬁAD 380*840 LCD
070 —p e
. RABB35
D0-D7 P{D0-D7 B
Bl »RD kP RA0086A "]
VR TSRV YIS ISPOFFE
RES P|/RES *SEL T R
XD0-XD3 4 {} {} (} {}
X6 XD “_Ew ELB  ERE ELE ERB ELS  ERS
| SPOFFE ISPOFFB ISPOFFE DISPOFFE
I VoD RAOOZ6A RA00B6A RA00Z6A RA0026A
—r o 1-18MHz M —— M [ — M
FOFF o —piCL1 —fCL1 —alcLt
ot el L2 =¥ =W
Power v2 _DJ r 1 =[14] r D1-04 D1-=D4)
supply Ve 1 1
converter vé L4
vee ) — & = L4 L4 b4
Figure 6-9 : RA8835 with RAO086A Application Circuit
4-12MHz
il
XG XD
Y
AD PRS
7 FR
Al-AT (] - —pzCs1
m— coder
10RQ — —Pcs2
ey RABSDE c40%160 LCD
4/8
D0-D3(D0-D7)}<4 + p{no-3cpo-07> P
_ N ZDOFF|
RD PR
WR PlzwR XK
5 {} & {}
LDO-LD3 I ELB  ERB ELB  ERB
»{DISPOFFB »DISPOFFB IDISPOFFB
l vID RAODE6A RAO0Z6A RADOSEA
] M M M
POFF —CL1 Lt oL
vi L4 eL2 »{cL2
Power vz n‘ =04] =04’ |. D'ATEH
supply v3
converter Vi
vee | — 4 i ] s La

Figure 6-10 : RA8806 with RAO086A Application Circuit
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7. Package

7-1 Package Information

i
"
DIMENSION IN WM DIMENSICN N INCH
AAARRAAARAAARARNARRARDARL . [t | SO I ok
= £15 P = A 1.60 0.063
= 1\—1: X JQ == M| 005 015 | 0,001 0.006
= - ; == 82 | 135 | 140 | 145 | 0053 | 0065 | 0057
b | — b | 017 | 020 | 023 | 0.007 | D.0DB| 0.009
= | — ¢ | 009 0.16 | 0.004 0.006
= ' — ¢ 0.50 BASIC 0,020 BASIC
e | e s o s o = o 0 16.00 BASK 0620 BASC
= = D1 14.00 BASKC 0551 BASC
= = E 16.00 BASKC D630 BASC
E . % £l 14.00 BASE 0551 BASIC
= R = L | o4 [ oo [ 015 [oms oo [o030
= {T} L = Li 100 REF. 0.0 REF.
= PR | = R | 008 0.003
R | 008 020 | 0003 0.008
T T o | o | 3| 7 |0 | 5] 7
e 8 | 0 0
p \ ™ 62 11 12 13 1 12 13
DATUM PLANE [ . _ ’ L e | n| n| | n| uw| B
CA1C.TOMH ele I i W A ANOTES © DIMENSKINS * DI " AND * E1 " DO NOT INGLUDE MoLD
b it PROTRUSION. ALLOWABLE PROTRUSION E 0.25 mm PER SIDE.

" D1 AND " E1 " ARE MAXIMUM PLASTIC BODY SIZE DIMENSICNS

T T e E

7y EL
\'ﬁ‘;:: B J i '\ GAUGE. PLAE
._T '“-4[ o — !_ L g
DETAL & - 83 u

Figure 7-1
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7-2 Die Form

NOTE : Please connect the substrate to VDD or floating.

MO AN dOO0O0OMNN OSSN ONMOANTdONDON OLULTMHOANAO O 0~
OO ITSITATITTTTETITTOONONONONONMONHMMOMNNNN
OCOO0000O0OOOOOOLOLOLLOLVLOLLLOLOLLOOO
NOULOBOOLOLOOODNDDOLONDNDOLOODOODNDOOOODONnnnn
S 8 OO O TO N A OO O M ANAOOODONOL
A H OO OO OO OO OO O 00 0 0 00 00 0 00 W0 WMMSIMNMNMDMSINSIN~
scss 1| OO0OOO0O0OO0OO0OO0OOO0O0O0O0O0OO0O0O0O00O0OO0O0O00O0O0O O §73 SC26
scse 2§ O —a O §72 SC25
scs7 3 O RA0OSEA f O §71 sc24
scss 4 O O §70 scz23
scs9 5§ O O §69 scz2
sceo 6 O O fe68 scz1
scelr 7§ O O f67 scz2o
sce2 8 O O 66 sci19
sce3 9§ O O f65 scis
SC64 10 O O 64 SC17
sces 11§ O O |63 sci6
sce6 12 O O 62 scis
sce7 130 O O J61 sci4
sces 14 O (0,0) O §60 sci3
sce9 150 O O §59 sciz
sc7o 16 O RAOO86A O Js58 sci1
sc71 17§ O O §57 scio
sc72 18 O O J56 sco
sc73 190 O O J55 scs
sc74 200 O O f54 sc7
scrs21f O O §53 sce
SC76 22 O O §52 scs
sc77 23 O O §51 sca
sc78 24 O O §50 sc3
scro2)l OO0 O0OOOO0DOO0DOOO0OOOOODODOOOOOOOO §49 sc2
O M~ 0 OO O 4 N M < 1D O 00O O 4 N M < 1 © N~
’_> NN NN O®OOOHOOHOHOHOHOITIITIT I I I S
(7] o) > < (V)l o~ Hl <
o [a RS IN
(7]
0
[a)]
Figure 7-2
NOTE : Die Size=3168*2535um
Table 7-1
Die Size 3168*2535um
Pad Size 1 Pad #27~#47 : 80*65um
Pad Size 2 Pad #1~#26, #48~#101 : 68*65um
Table 7-2
Parts Number Package
RAOO86A Die
RAOO86AL3N LQFP-100 pin
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7-3 PAD Coordinate

Pad No. | Pad Name X-axis Y-axis Pad No. | Pad Name X-axis Y-axis
1 SC55 -1478.9 1120.3 36 VDD -121.2 -1112.9
2 SC56 -1478.9 1029.3 37 SHL -6.2 -1112.9
3 SC57 -1478.9 938.3 38 VSS 108.8 -1112.9
4 SC58 -1478.9 847.3 39 NC 237.6 -1112.9
5 SC59 -1478.9 756.3 40 D4_DR 366.4 -1112.9
6 SC60 -1478.9 665.3 41 D3 DM 481.4 -1112.9
7 SC61 -1478.9 574.3 42 D2 DL 596.4 -1112.9
8 SC62 -1478.9 483.3 43 D1_SID 711.4 -1112.9
9 SC63 -1478.9 392.3 44 CL2 826.4 -1112.9
10 SC64 -1478.9 301.3 45 AMS 941.4 -1112.9
11 SC65 -1478.9 210.3 46 CL1 1056.4 -1112.9
12 SC66 -1478.9 119.3 47 ELB 1171.4 -1112.9
13 SC67 -1478.9 28.3 48 SC1 1312.4 -1114.1
14 SC68 -1478.9 -62.7 49 SC2 1478.9 -1063.7
15 SC69 -1478.9 -153.7 50 SC3 1478.9 -972.7
16 SC70 -1478.9 -244.7 51 SC4 1478.9 -881.7
17 SC71 -1478.9 -335.7 52 SC5 1478.9 -790.7
18 SC72 -1478.9 -426.7 53 SC6 1478.9 -699.7
19 SC73 -1478.9 -517.7 54 SC7 1478.9 -608.7
20 SC74 -1478.9 -608.7 55 SC8 1478.9 -517.7
21 SC75 -1478.9 -699.7 56 SC9 1478.9 -426.7
22 SC76 -1478.9 -790.7 57 SC10 1478.9 -335.7
23 SC77 -1478.9 -881.7 58 SC11 1478.9 -244.7
24 SC78 -1478.9 -972.7 59 SC12 1478.9 -153.7
25 SC79 -1478.9 -1063.7 60 SC13 1478.9 -62.7
26 SC80 -1312.4 -1114.1 61 SC14 1478.9 28.3
27 ERB -1171.4 -1112.9 62 SC15 1478.9 119.3
28 VEE -1049.5 -1112.9 63 SC16 1478.9 210.3
29 V5 -934.5 -1112.9 64 SC17 1478.9 301.3
30 V34 -819.5 -1112.9 65 SC18 1478.9 392.3
31 V12 -696.2 -1112.9 66 SC19 1478.9 483.3
32 VO -581.2 -1112.9 67 SC20 1478.9 574.3
33 CS -466.2 -1112.9 68 Sc21 1478.9 665.3
34 M -351.2 -1112.9 69 SC22 1478.9 756.3
35 DISPOFFB| -236.2 -1112.9 70 SC23 1478.9 847.3
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Pad No. | Pad Name X-axis Y-axis
71 SC24 1478.9 938.3
72 SC25 1478.9 1029.3
73 SC26 1478.9 1120.3
74 SC27 1228.5 1162.1
75 SC28 1137.5 1162.1
76 SC29 1046.5 1162.1
77 SC30 955.5 1162.1
78 SC31 864.5 1162.1
79 SC32 773.5 1162.1
80 SC33 682.5 1162.1
81 SC34 591.5 1162.1
82 SC35 500.5 1162.1
83 SC36 409.5 1162.1
84 SC37 318.5 1162.1
85 SC38 227.5 1162.1
86 SC39 136.5 1162.1
87 SC40 45.5 1162.1
88 SC41 -45.5 1162.1
89 SC42 -136.5 1162.1
90 SC43 -227.5 1162.1
91 SC44 -318.5 1162.1
92 SC45 -409.5 1162.1
93 SC46 -500.5 1162.1
94 SC47 -591.5 1162.1
95 SC48 -682.5 1162.1
96 SC49 -773.5 1162.1
97 SC50 -864.5 1162.1
98 SC51 -955.5 1162.1
99 SC52 -1046.5 1162.1
100 SC53 -1137.5 1162.1
101 SC54 -1228.5 1162.1
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	1. Introduction 
	The RA0086A is an 80 channels LCD driver LSI which is fabricated by low power CMOS high voltage process technology. It can be used either as a COMMON driver or as a SEGMENT driver, by connecting its CS input to VDD or VSS. In segment driver mode, it can be interfaced in 1-bit serial or 4-bit parallel method by the controller. In common driver mode, dual type mode is applicable. And in segment mode application, the power down function reduces power consumption.
	2. Features 
	 Power supply voltage: + 5V±10 %, + 3V±10%
	 Supply voltage for display: 6 to 30V (VDD-VEE)
	 In 80-SEGMENT driver or 80-COMMON driver selection, to set CS-pin voltage is VSS or VDD
	 4-bit parallel / 1-bit serial data processing (in segment mode)
	 Single mode / dual mode operation (in common mode)
	 Power down function (in segment mode)
	 Applicable LCD duty: 1/64 – 1/256
	 Interface
	DRIVERS
	COM(Cascade)
	SEG(Cascade)
	RA0086A
	RA0086A
	 High voltage CMOS process
	 Available package Type: LQFP-100 pin, Die
	3. Pin Configuration
	3-1 Internal Block Diagram

	Figure 31 : Internal Block Diagram
	3-2 Pin Assignment

	Figure 32 : LQFP-100 Pin Assignment
	3-3 System Block Diagram

	Figure 33 : System Block Diagram
	4. Signal Description
	4-1 Block Description

	Name
	Function
	COM / SEG
	Clock control
	Generates latch clock (LCK), shift clock (SCK) and control clock timing according to the input of CL1, CL2 and control inputs (CS, AMS). In common driver application mode, this block generates the shift clock (LCK) for the common data Bi-directional shift register.
	COM / SEG
	Data latch control
	Determines the direction of segment data shift, and input data of each Bi-directional shift register. In 4-bit segment data parallel transfer mode, data is shifted by a 4-bit unit. In common driver application mode, data is transferred to the common data shift register directly, which disables this block.
	SEG
	Power down
	function
	Controls the clock enable state of the current driver according to the input value of enable pin (ELB or ERB). If enable input value is “Low”, every clock of the current driver is enabled and the clock control block works. But if enable input is “High”, current driver is disabled and the input data value has no effect on the output level. So power consumption can be lowered.
	SEG
	Output level
	selector
	Controls the output voltage level according to the input control pin (M and DISPOFFB) (refer to Section 4-2).
	COM / SEG
	20x4-bit
	segment data
	BI-directional
	shift register
	Stores output data value by shifting the input values. In 1-bit serial interface mode application, all 80 shift clocks (SCK) are needed to store all the display data. But in 4-bit parallel transfer mode application, only 20 clocks are needed. In common driver application mode, this block does not work.
	SEG
	80-bit data
	latch /
	common data
	BI-directional
	shift register
	In segment driver application mode, the data from the 20x4-bit segment data shift register are latched for segment driver output. In single-type common driver application,1-bit input data (from DL or DR pin) is shifted and latched by the direction according to the SHL signal input. In dual-type common application mode, 80-bit registers are divided by two blocks and controlled independently (refer to Section 4-2-3).
	COM / SEG
	80-bit level
	shifter
	Voltage level shifter block for high voltage part. The inputs of this block are of logical voltage level and the outputs of this block are at high voltage level value. These values are input in to the driver.
	SEG
	80-bit 4-level
	driver
	Selects the output voltage level according to M and latched data value. If the data value is "High" the driver output is at selected voltage level (V0 or V5), and in the reverse case the driver output value is at the non-selected level (V12 or V43). In segment driver application mode, non-selected output value is V2 or V3. and when in common driver application, this value becomes V1 or V4.
	SEG
	4-2 Pin Description

	Pin 
	I/O
	Name
	Description Function
	Interface
	VDD
	P
	Power supply
	Logical "High" input port (+5V 10%, +3V 10%)
	Power
	VSS
	0V (GND)
	VEE
	Logical "Low" for high voltage part
	V0, V12,
	V43, V5
	I
	LCD driver
	output voltage
	level
	Bias supply voltage input to drive the LCD. Bias voltage divided by the resistance is usually used as a supply voltage source (refer to Section 4-2-2).
	Power
	SC1 - SC80
	O
	LCD driver
	output
	Display data output pin which corresponds to the respective latch contents. One of V0, V12, V34 and V5 is selected as a display driving voltage source according to the combination of the latched data level and M signal (refer to Section 4-2-1).
	LCD
	CL2
	I
	Data shift
	clock
	Clock pulse input for the bi-directional shift register.
	– In segment driver application mode, the data is shifted to 20 x 4-bit segment data shift.
	The clock pulse, which was input when the enable bit (ELB/ERB) is in not active condition, is invalid.
	– In common driver application mode, the data is shifted to 80-bit common data bi-directional shift register by the CL1 clock.Hence, this clock pin is not used (Open or connect this pin to VDD).
	Controller
	M
	I
	AC signal for LCD driver
	output
	Alternate signal input pin for LCD driving.
	Normal frame inversion signal is input in to this pin.
	Controller
	CL1
	I
	Data latch
	clock
	– In segment driver application mode, this signal is used for latching the shift register contents at the falling edge of this clock pulse. CL1 pulse "High" level initializes power-down function block.
	– In common driver application mode, CL1 is used as a shifting clock of common output data.
	Controller
	DISPOFFB
	I
	Display OFF
	control
	Control input pin to fix the driver output (SC1~SC80) to V0 level,during "Low" value input. LCD becomes non-selected by V0 level output from every output of segment drivers and every output of common drivers.
	Controller
	CS
	I
	COM / SEG
	mode control
	When CS = "Low", RA0086A is used as an 80-bit segment driver.
	When CS = "High", RA0086A is set to an 80-bit common driver
	VDD/ VSS
	AMS
	I
	Application
	mode select
	According to the input value of the AMS and the CS pin,
	application mode of RA0086AA is differs as shown below.
	CS
	AMS
	Application mode
	COM
	/SEG
	0
	0
	4-bit parallel interface mode.
	SEG
	0
	1
	1-bit serial interface mode.
	1
	0
	Single type application mode
	COM
	1
	1
	Dual type application mode
	D1_SID,
	D2_DL,
	D3_DM,
	D4_DR.
	I/O
	Display data
	input /
	Serial input data /
	left,right data input output
	- In segment driver application mode, these pins are used as 4-bit data input pin (when 4-bit parallel interface mode : AMS = "Low"), or D1_SID is used as serial data input pin and other pins are not used (connect these to VDD) (when 1-bit serial interface mode : AMS = "High").
	– In common driver application mode, the data is shifted from D2_DL(D4_DR) to D4_DR(D2_DL), when in single type interface mode (AMS = "Low"). In dual type application case, the data are shifted from D2_DL and D3_DM (D4_DR and D3_DM) to D4_DR(D2_DL). In each case the direction of the data shift and the connection of data pins are determined by SHL input (refer to Section 4-2-3、4-2-4).
	SHL
	I
	Shift direction
	control
	When SHL = "Low", data is shifted from left to right.
	When SHL = "High", the direction is reversed. (refer to Section 4-2-3)
	ELB,ERB
	I/O
	Enable data
	input/output
	– In segment driver application mode, the internal operation is enabled only when enable input (ELB or ERB) is “Low” (power down function). When several drivers are serially connected, the enable state of each driver is shifted according to the SHL input. Connect these pins as below.
	SHL
	Segment Driver
	ELB
	ERB
	L
	Output
	Input
	H
	Input
	Output
	- In common driver application mode, power down function is not used. Open these pins.
	4-2-1 Output Voltage Level Control

	Table 41
	M
	Latched Data
	DISPOFFB
	Output level (SC1 – SC80)
	SEG Mode
	COM Mode
	L
	L
	H
	V12 (V2)
	V12 (V1)
	L
	H
	H
	V0
	V5
	H
	L
	H
	V43 (V3)
	V43 (V4)
	H
	H
	H
	V5
	V0
	X
	X
	L
	V0
	V0
	4-2-2 LCD Driving Voltage Application Circuit

	(1) Segment driver application (CS = “Low”)
	Figure 41
	(2) Common driver application (CS = “High”)
	Figure 42
	4-2-3 Data Shift Direction according to Control Signals

	(1) When CS = “Low” (Segment driver application)
	AMS
	SHL
	Application 
	Mode
	Data Direction
	Input
	Pin
	L
	L
	4-Bit Parallel Data Transfer Mode (SEG)
	D1_SID,
	D2_DL,
	D3_DM,
	D4_DR
	H
	H
	L
	1-Bit Serial Data Transfer Mode (SEG)
	D1_SID
	H
	AMS
	SHL
	Application 
	Mode
	Data Direction
	Input Pin
	L
	L
	Single-type Application Mode (COM)
	D2_DL
	H
	D4_DR
	H
	L
	Dual-type Application Mode (COM)
	D2_DL
	D3_DM
	H
	D4_DR
	D3_DM
	4-2-4 Usage of Data Pins

	Table 42
	COM /SEG (CS pin)
	Application Mode (AMS pin)
	SHL
	Data Interface Pin
	D1_SID
	D2_DL
	D3_DM
	D4_DR
	SEG
	(CS =Low)
	4-bit parallel interface mode (AMS = Low)
	X
	D1 (input)
	D2 (input2)
	D3 (input3)
	D4 (input4)
	1-bit serial interface mode (AMS = High)
	X
	SID (input)
	Connect to VDD
	COM
	(CS =High)
	single-type application mode (AMS = Low)
	L
	Open
	DL (input)
	Open
	DR (output)
	H
	DL (output)
	DR (input)
	dual-type application mode (AMS =High)
	L
	Open
	DL (input1)
	DM (input2)
	DR (output2)
	H
	DL (output2)
	DM (input2)
	DR (input1)
	5. Electrical Characteristics
	5-1 Maximum Absolute Limit

	Table 51
	Characteristic
	Symbol
	Value
	Unit
	Power supply voltage
	VDD
	-0.3 - +7.0
	V
	Driver supply voltage
	VLCD
	0 - +32
	Input voltage
	VIN
	-0.3 - VDD+0.3
	Operation temperature
	TOPR
	-30 - +90
	C
	Storage temperature
	TSTG
	-55 - +150
	NOTE : Voltage greater than above may damage to the circuit.
	5-2 DC Characteristics

	(1) Segment Driver Application
	(VSS = 0V, Ta = - 30 – +85C)
	Characteristic
	Symbol
	Test Condition 
	Min
	Typ
	Max
	Unit
	Operating voltage1
	VDD
	2.7
	5.5
	V
	VLCD
	VIN = VDD - VEE
	6
	-
	30
	Input voltage (1)
	VIH
	-
	0.8VDD
	-
	VDD
	VIL
	-
	0
	-
	0.2VDD
	Output voltage (2)
	VOH
	IOH = -0.4mA
	VDD-0.4
	-
	- 
	V
	VOL
	IOL = 0.4mA
	- 
	-
	0.4
	Input leakage 
	current 1 (1)
	IIL1
	VIN = VDD to VSS
	-10
	- 
	10
	μA
	Input leakage
	current 2 (3)
	IIL2
	VIN = VDD to VEE
	-25
	-
	25
	On resistance(4)
	RON
	ION = 100μA
	-
	2
	4
	k
	Supply current (5)
	ISTBY
	fCL1 = 32kHz M = VSS
	VSS pin
	-
	-
	100
	μA
	IDD
	fCL1 = 32kHz
	fM = 80Hz
	VDD = 5V
	-
	- 
	5
	mA
	VDD = 3V
	-
	-
	2
	IEE
	VDD = 5V
	-
	-
	500
	μA
	NOTES:
	(1) Applied to CL1, CL2, ELB, ERB, D1_SID - D4_DR, SHL, DISPOFFB, M, CS, AMS pin
	(2) ELB, ERB pin
	(3) V0, V12, V43, V5 pin
	(4) VLCD = VDD - VEE, V0 = VDD = 5V, V5= VEE = -23 V
	V12 = VDD-2/n(VLCD), V43 = VEE+2/n(VLCD), n = 17 (1/256 duty, 1/17 bias)
	(5) V0 = VDD, V12 = 1.71V(VDD = 5V) or -0.06V (VDD = 3V),
	V43 = -19.71 V(VDD = 5V) or -19.94V (VDD = 3V), 
	V5 = VEE = -23V, no-load condition (1/256 duty, 1/17 bias)
	4-bit parallel interface mode
	ISTBY :VDD = 5V, fCL2 = 5.12MHz, SHL = VSS,
	DISPOFFB = VDD, 
	M = VSS, display data pattern = 0000
	IDD : VDD = 3V, fCL2 = 4MHz, display data pattern = 0101
	VDD = 5 V, fCL2 = 5.12MHz, display data pattern = 0101
	IEE : VDD = 5V, fCL2 = 5.12MHz, display data pattern = 0101, VEE pin
	(2) Common Driver Application
	(VSS = 0V, Ta = - 30 – +85C)
	Characteristic
	Symbol
	Test Condition 
	Min
	Typ
	Max
	Unit
	Operating voltage
	VDD
	2.7
	-
	5.5
	V
	VLCD
	VIN = VDD - VEE
	6
	-
	30
	Input voltage (1)
	VIH
	-
	0.8VDD
	-
	VDD
	VIL
	-
	0
	-
	0.2VDD
	Output voltage (3)
	VOH
	IOH = -0.4mA
	VDD-0.4
	-
	- 
	V
	VOL
	IOL = 0.4mA
	- 
	-
	0.4
	Input leakage 
	current 1 (1)
	IIL1
	VIN = VDD to VSS
	-10
	- 
	10
	μA
	Input leakage
	current 2 (2)
	IIL2
	VIN = 0V, VDD = 5V (PULL UP)
	-50
	-125
	-250
	Input leakage
	current 3 (4)
	IIL3
	VIN = VDD to VEE
	-25
	-
	25
	On resistance(5)
	RON
	ION = 100μA
	-
	2
	4
	k
	Supply current (6)
	ISTBY
	fCL1 = 32kHz M = VSS
	VSS pin
	-
	-
	100
	μA
	IDD
	fCL1 = 32kHz
	fM = 80Hz
	VDD = 5V
	-
	- 
	200
	VDD = 3V
	-
	-
	120
	IEE
	VDD = 5V
	-
	-
	150
	5-3 AC Characteristics

	(1) Segment Driver Application
	Characteristic
	Symbol
	Test Condition
	(1) VDD = 5V10%
	(2) VDD = 3V 10%
	Unit
	Min
	Typ
	Max
	Min
	Typ
	Max
	Clock cycle time
	tCY
	Duty = 50%
	125
	-
	-
	250
	-
	-
	ns
	Clock pulse width
	tWCK
	-
	45
	-
	-
	95
	-
	-
	Clock rise / fall time
	tR/tF
	-
	-
	-
	-
	-
	-
	30
	Data set-up time
	tDS
	-
	30
	-
	-
	65
	-
	-
	Data hold time
	tDH
	-
	30
	-
	-
	65
	-
	-
	Clock set-up time
	tCS
	-
	80
	-
	-
	120
	-
	-
	Clock hold time
	tCH
	-
	80
	-
	-
	120
	-
	-
	Propagation delay time
	tPHL
	ELB Output
	-
	-
	60
	-
	-
	125
	ERB Output
	60
	125
	ELB,ERB set-up time 
	tPSU
	ELB Input
	30
	-
	-
	65
	-
	-
	ERB Input
	30
	65
	DISPOFFB low pulse width
	tWDL
	-
	1.2
	-
	-
	1.2
	-
	-
	μs
	DISPOFFB clear time
	tCD
	-
	100
	-
	-
	100
	-
	-
	ns
	M – OUT propagation delay time
	tPD1
	CL = 15pF
	-
	-
	1.0
	-
	-
	1.2
	μs
	CL1 – OUT propagation delay time
	tPD2
	-
	-
	1.0
	-
	-
	1.2
	DISPOFFB – OUT propagation delay time
	tPD3
	-
	-
	1.0
	-
	-
	-
	(2)Common Driver Application
	(VSS = 0V, Ta = - 30 – +85C)
	Characteristic
	Symbol
	Test Condition
	(1) VDD = 5V10%
	(2) VDD = 3V 10%
	Unit
	Min
	Typ
	Max
	Min
	Typ
	Max
	Clock cycle time
	tCY
	Duty = 50%
	250
	-
	-
	500
	-
	-
	ns
	Clock pulse width
	tWCK
	-
	45
	-
	-
	95
	-
	-
	Clock rise / fall time
	tR/tF
	-
	-
	-
	50
	-
	-
	50
	Data set-up time
	tDS
	-
	30
	-
	-
	65
	-
	-
	Data hold time
	tDH
	-
	30
	-
	-
	65
	-
	-
	DISPOFFB low pulse width
	tWDL
	-
	1.2
	-
	-
	1.2
	-
	-
	μs
	DISPOFFB clear time
	tCD
	-
	100
	-
	-
	100
	-
	-
	ns
	Output delay time
	tDL
	CL = 15pF
	200
	250
	μs
	M – OUT propagation delay time
	tPD1
	-
	-
	1.0
	-
	-
	1.2
	CL1 – OUT propagation delay time
	tPD2
	-
	-
	1.0
	-
	-
	1.2
	DISPOFFB – OUT propagation delay time
	tPD3
	-
	-
	1.0
	-
	-
	1.2
	(3) Segment Driver Application Timing
	Figure 51
	(4) Common Driver Application Timing
	Figure 52
	5-4 Power Down Function

	In the case of cascade connection of segment mode drivers, RA0086A has a "power down function" in order to reduce the power consumption.
	SHL
	Enable
	Input
	Enable
	Output
	Current Driver Status
	The Other Drivers Status
	L
	ERB
	ELB
	While ERB =Low, current driver is enabled.
	Disabled
	H
	ELB
	ERB
	While ELB =Low, current driver is enabled.
	Disabled
	* In the case of common driver application, power down function does not work.
	Figure 53
	5-5 Operation Timing Diagram
	5-5-1 4-bit Parallel Mode Interface Segment Driver


	 When SHL = Low
	Figure 54
	 When SHL = High
	Figure 55
	5-5-2 1-bit Serial Mode Interface Segment Driver

	 When SHL = Low
	Figure 56
	 When SHL = High
	Figure 57
	5-5-3 Single-type Interface Mode Common Driver

	 When SHL = Low
	Figure 58
	 When SHL = High
	Figure 59
	5-5-4 Dual-type Interface Mode Common Driver

	 When SHL = Low
	Figure 510
	 When SHL = High
	Figure 511
	5-5-5 Common / Segment Driver Timming (1/200 Duty)

	Figure 512
	6. Application Information
	6-1 4-bit Parallel Interface Mode (80-Ch. Segment Driver)

	(1) Lower View (SHL = L, AMS = L )
	Figure 61
	(2) Upper View (SHL = H, AMS = L)
	Figure 62
	6-2 1-bit Serial Interface Mode (80-Ch. Segment Driver)

	(1) Lower View (SHL = L, AMS = H)
	Figure 63
	(2) Upper View (SHL = H, AMS = H)
	Figure 64
	6-3 Single-type Interface Mode (80-Ch. Common Driver)

	Figure 65
	6-4 Dual-type Interface Mode (40-Ch. + 40-Ch. Common Driver)

	Figure 66
	NOTE: Using this application mode (dual-type common mode), the duty ratio can be reduced to half. In case, 1/200 duty can be used to drive the 400 common LCD panel.
	6-5 Application Circuit Example

	Figure 67 : Application Circuit
	Figure 68 : RA6963 with RA0086A Application Circuit
	Figure 69 : RA8835 with RA0086A Application Circuit
	Figure 610 : RA8806 with RA0086A Application Circuit
	7. Package
	7-1 Package Information 

	Figure 71
	7-2 Die Form

	NOTE : Please connect the substrate to VDD or floating.
	Figure 72
	NOTE：Die Size=3168*2535um
	Table 71
	Die Size
	3168*2535um
	Pad Size 1
	Pad #27~#47 : 80*65um
	Pad Size 2
	Pad #1~#26, #48~#101 : 68*65um
	Table 72
	Parts Number
	Package
	RA0086A
	Die
	RA0086AL3N
	LQFP-100 pin
	7-3 PAD Coordinate

	Pad No.
	Pad Name
	X-axis
	Y-axis
	Pad No.
	Pad Name
	X-axis
	Y-axis
	1
	SC55
	-1478.9
	1120.3
	36
	VDD
	-121.2
	-1112.9
	2
	SC56
	-1478.9
	1029.3
	37
	SHL
	-6.2
	-1112.9
	3
	SC57
	-1478.9
	938.3
	38
	VSS
	108.8
	-1112.9
	4
	SC58
	-1478.9
	847.3
	39
	NC
	237.6
	-1112.9
	5
	SC59
	-1478.9
	756.3
	40
	D4_DR
	366.4
	-1112.9
	6
	SC60
	-1478.9
	665.3
	41
	D3_DM
	481.4
	-1112.9
	7
	SC61
	-1478.9
	574.3
	42
	D2_DL
	596.4
	-1112.9
	8
	SC62
	-1478.9
	483.3
	43
	D1_SID
	711.4
	-1112.9
	9
	SC63
	-1478.9
	392.3
	44
	CL2
	826.4
	-1112.9
	10
	SC64
	-1478.9
	301.3
	45
	AMS
	941.4
	-1112.9
	11
	SC65
	-1478.9
	210.3
	46
	CL1
	1056.4
	-1112.9
	12
	SC66
	-1478.9
	119.3
	47
	ELB
	1171.4
	-1112.9
	13
	SC67
	-1478.9
	28.3
	48
	SC1
	1312.4
	-1114.1
	14
	SC68
	-1478.9
	-62.7
	49
	SC2
	1478.9
	-1063.7
	15
	SC69
	-1478.9
	-153.7
	50
	SC3
	1478.9
	-972.7
	16
	SC70
	-1478.9
	-244.7
	51
	SC4
	1478.9
	-881.7
	17
	SC71
	-1478.9
	-335.7
	52
	SC5
	1478.9
	-790.7
	18
	SC72
	-1478.9
	-426.7
	53
	SC6
	1478.9
	-699.7
	19
	SC73
	-1478.9
	-517.7
	54
	SC7
	1478.9
	-608.7
	20
	SC74
	-1478.9
	-608.7
	55
	SC8
	1478.9
	-517.7
	21
	SC75
	-1478.9
	-699.7
	56
	SC9
	1478.9
	-426.7
	22
	SC76
	-1478.9
	-790.7
	57
	SC10
	1478.9
	-335.7
	23
	SC77
	-1478.9
	-881.7
	58
	SC11
	1478.9
	-244.7
	24
	SC78
	-1478.9
	-972.7
	59
	SC12
	1478.9
	-153.7
	25
	SC79
	-1478.9
	-1063.7
	60
	SC13
	1478.9
	-62.7
	26
	SC80
	-1312.4
	-1114.1
	61
	SC14
	1478.9
	28.3
	27
	ERB
	-1171.4
	-1112.9
	62
	SC15
	1478.9
	119.3
	28
	VEE
	-1049.5
	-1112.9
	63
	SC16
	1478.9
	210.3
	29
	V5
	-934.5
	-1112.9
	64
	SC17
	1478.9
	301.3
	30
	V34
	-819.5
	-1112.9
	65
	SC18
	1478.9
	392.3
	31
	V12
	-696.2
	-1112.9
	66
	SC19
	1478.9
	483.3
	32
	V0
	-581.2
	-1112.9
	67
	SC20
	1478.9
	574.3
	33
	CS
	-466.2
	-1112.9
	68
	SC21
	1478.9
	665.3
	34
	M
	-351.2
	-1112.9
	69
	SC22
	1478.9
	756.3
	35
	DISPOFFB
	-236.2
	-1112.9
	70
	SC23
	1478.9
	847.3
	Pad No.
	Pad Name
	X-axis
	Y-axis
	71
	SC24
	1478.9
	938.3
	72
	SC25
	1478.9
	1029.3
	73
	SC26
	1478.9
	1120.3
	74
	SC27
	1228.5
	1162.1
	75
	SC28
	1137.5
	1162.1
	76
	SC29
	1046.5
	1162.1
	77
	SC30
	955.5
	1162.1
	78
	SC31
	864.5
	1162.1
	79
	SC32
	773.5
	1162.1
	80
	SC33
	682.5
	1162.1
	81
	SC34
	591.5
	1162.1
	82
	SC35
	500.5
	1162.1
	83
	SC36
	409.5
	1162.1
	84
	SC37
	318.5
	1162.1
	85
	SC38
	227.5
	1162.1
	86
	SC39
	136.5
	1162.1
	87
	SC40
	45.5
	1162.1
	88
	SC41
	-45.5
	1162.1
	89
	SC42
	-136.5
	1162.1
	90
	SC43
	-227.5
	1162.1
	91
	SC44
	-318.5
	1162.1
	92
	SC45
	-409.5
	1162.1
	93
	SC46
	-500.5
	1162.1
	94
	SC47
	-591.5
	1162.1
	95
	SC48
	-682.5
	1162.1
	96
	SC49
	-773.5
	1162.1
	97
	SC50
	-864.5
	1162.1
	98
	SC51
	-955.5
	1162.1
	99
	SC52
	-1046.5
	1162.1
	100
	SC53
	-1137.5
	1162.1
	101
	SC54
	-1228.5
	1162.1
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